Some milk-associated proteins are known to be nutritionally valuable and form bioactive peptides that exhibit activity against hypertension and oxidative stress. Consumption of cheeses, such as the popular Hispanicstyle cheese Queso Fresco (QF), may be a vehicle for delivery of these milk-associated peptides. This paper describes the effects of high-pressure processing ( 
INTRODUCTION
American consumers are increasingly interested in improving the quality of their diet. To this end, they are searching for food products with higher nutritional benefits and health value. In an effort to address this, a number of functional foods are being studied that have enhanced or enriched health benefits [1] . Foods that potentially prevent illness or reduce the risk of disease are especially promising as products addressing this need. Included among these are products with high levels of antioxidants that may reduce the risk of cancer and prevent cardiovascular disease [2] .
Reactive oxygen species (ROS) and other free radicals can be produced in the body and can oxidatively damage DNA, proteins and other important cellular components [3] . They have been implicated in the occurrence of diabetes, neurodegenerative diseases and cancer, and are generally associated with aging [4] . Antioxidants are involved in the management of oxidative stress that leads to the formation of ROS and free radicals. Due to their protective role against various types of diseases, how and where antioxidants are produced and their mechanism of action have been focuses of research as potential methods of prevention and treatment.
Antioxidants are found naturally in many types of fruits and vegetables, e.g. berries [5] , nuts [6, 7] , and leafy greens [8] . They can also be obtained from a number of animal sources, including egg [4] , porcine myofibrillar proteins [9] , fish proteins [10] , and milk-associated proteins [11] . In recent years, a number of researchers have been mining fragments of milk proteins for potential antioxidants for commercial use. Previous studies have found peptides, obtained via enzymatic hydrolysis of α-lactalbumin (α-LA) and β-lactoglobulin (β-LG), that have antioxidative activity greater than that of butylated hydroxyanisole (BHA), a synthetic antioxidant currently used in the food industry [12] . Other studies compared antioxidative activities of whey protein proteolytic fragments derived from bovine and camel milk in an effort to find active peptides for use in food processing and potential inclusion in functional foods [13] . Indian scientists have assessed the antioxidative activity of buffalo and cow milk and curd to evaluate the nutritive value of these commonly consumed Indian foods [14] . Most recently, scientists have shown whey protein concentrate to have dose-dependent antioxidant, radical scavenging and metal-chelating effects in rats and may provide protection against known oxidative agents [2] .
Queso fresco (QF) is a fresh soft cheese that is highly popular among the growing Hispanic population in the US It is generally made without the use of starter cultures, and as a high moisture cheese with pH > 6, provides a fertile breeding ground for any number of spoilage and pathogenic bacteria. In this study, QFs are subjected to high-pressure processing (HPP) after packaging as a method to inhibit food spoilage and bacterial growth. While other bioactivities of QFs, like antihypertensive activity, have been previously examined [15, 16] , few studies have assessed antioxidative activities of QFs or examined the effect of HPP and temperature on these bioactive compounds. Both of these issues are addressed in this paper.
MATERIALS AND METHODS
Fluorescein (FL), sodium salt, 6-Hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid (Trolox), and 2,2'-azobis (2-methylpropionamidine) dihydrochloride (AAPH) were purchased from Sigma-Aldrich (St. Louis, MO). A 1 mM fluoroscein stock solution was made in 75 mM phosphate buffer, pH 7.4, and stored at −20˚C for no longer than 4 weeks. AAPH and Trolox solutions in 75 mM phosphate buffer, pH 7.4, were made fresh daily.
Cheesemaking
QFs were manufactured according to a modification of a procedure used by Guo et al. [17] . Cheesemilk was standardized to 3.5% fat, pasteurized at 72˚C/15s, and homogenized at 6.9/3.4 MPa. To this was added 0.1% CaCl 2 and no starter cultures were added-Milk (181 L) was warmed to 32˚C and coagulated with chymosin (130 mL/ 1000L milk; CHY-MAX, Chr. Hansen, Inc., Milwaukee, WI). The gel was cut after 30 min and the temperature was raised to 39˚C. The curd was cooked for 30 min and half of the whey was drained. To this was added salt (14.5 g salt/kg milk) in 3 applications over 15 min. The remaining whey was drained, curds were removed to covered trays and chilled at 4˚C until the core temperature < 21˚C. The curds were milled (Bosch universal 6610UC/01 FD, Robert Bosch Hausgerate Gmbh, Dillingen, Germany), hand packed into molds, and stored overnight at 4˚C. On the following day, one large block of cheese was divided into smaller blocks (45 × 45 × 150 mm 3 ) and each smaller block was double vacuum bagged. Samples were stored at 4˚C overnight. Two batches of cheese were manufactured over an 8 wk period.
High Pressure Processing (HPP)
Prior to HPP treatment, samples were warmed to a core temperature of either 22˚C (L cheeses) or 40˚C (H cheeses). One sample was placed in the chamber of a 2-L High Pressure Food Processor (Avure Inc., Columbus, OH) and processed at either 200, 400, or 600 MPa for either 5, 10, or 20 min; 3 blocks/treatment/batch. Samples were stored at 4˚C for 7 -8 d until assayed. Control samples without HPP were prepared at each core temperature.
Protein Extraction
Water-soluble proteins were extracted in the following manner [18] : 5 mL of extraction buffer (0.166 M Tris, 1 mM ethylenediaminetetraacetic acid (EDTA), pH 8.0) was added to 2 g of cheese. This mixture was homogenized by sonication for 6 min. To this mixture, 5 mL of 7% sodium dodecyl sulfate (SDS) was added and further sonicated for 3 min. While on ice, 2 mL of 10 mm dithiothreitol (DTT) was added and the solution was stirred at 0˚C for 15 min. The resulting solution was centrifuged at 30,000 g for 1 hr at 4˚C. The supernatant was filtered and lyophilized. The water-soluble protein extracts were stored at −20˚C.
ORAC-FL Assay
The oxygen radical absorbance capacity-fluorescein (ORAC-FL) assay procedures of Ou et al. [19] and Dávalos et al. [20] were adapted as follows: Reactions were carried out in 75 mM phosphate buffer, pH 7.4 and the final volume of each reaction was 200 μL. Protein extract samples were used at concentrations ranging from 0.01 -0.1 mg/mL as determined by Pierce bicinchoninic acid (BCA) protein assay (Thermo Scientific). Fluorescein solutions were used at a concentration of 200 nM. A 96-well microplate was used for all assays. Protein extract sample (10 -80 μL), fluorescein (50 μL) solution, and extra buffer to bring the total volume to 130 μL, were placed in wells 1 -8 of a microplate row. The mixture was preincubated at 37˚C for 15 min. AAPH (50 μL, 20 mM final concentration) was added quickly to wells via multichannel pipet and the microplate was immediately placed in the fluorescence plate reader. The fluorescence (483 nm excitation, 525 nm emission) was recorded every minute for 80 minutes, with shaking prior to each reading. A blank (FL + AAPH) using phosphate buffer instead of protein extract sample and eight calibration samples using Trolox (1 -8 μM) as standard antioxidant were included with each assay. Each assay contained reaction mixtures prepared in triplicate.
Data was collected using a Tecan Safire II (Durham, NC) fluorescence plate reader. Data was compiled in an Excel (Microsoft, Roselle, IL) spread sheet and calculations were carried out. Sample curves (fluorescence versus time) were normalized to the blank curve by multiplying original data by fluorescence blank,t=0 /fluorescence sample,t=0 . From these curves, the area under the curve (AUC) was calculated as:
where f 0 is the initial fluorescence reading at time = 0, and f i is the fluorescence at time = i.
The net AUC was calculated by subtracting the AUC corresponding to the blank sample. Net AUC versus protein extract sample concentration data were plotted and fit with a linear curve to provide the ORAC-FL values. These values are expressed as Trolox equivalents (TE) using the standard curves for Trolox from each assay. The final TE values are in μM trolox equivalent/g cheese sample.
Statistical Analysis
The ORAC-FL values were analyzed as a randomized complete block design with 3 factors (temperature, pressure, and time) using the Mixed procedure of the SAS System for Windows, version 9.22 [21] . The Bonferroni t-test was used to determine significant differences among means, and differences were described as significant only if P < 0.05.
RESULTS AND DISCUSSION
The assay used to evaluate the water soluble protein extracts from QF samples in this study was introduced and validated as a means to probe the antioxidative activity of many different sample types by Ou et al. [19] This report provided values for blueberry (23748 TE/L), grape (31441 TE/L), and raspberry juices (54034 TE/L), and black tea (17267 TE/L), among other samples, and has been used subsequently to assess the bioactivity of a variety of food products [22] [23] [24] [25] . This study improved the existing methodology for measuring oxygen radical absorbance capability by introducing a protocol using fluorescein as an alternative, and less inexpensive, fluorescent probe, than those that were previously employed.
The results from the ORAC-FL assays of the QF samples in the present study (summarized in Tables 1 and 2) provided fluorescence decay curves for both the trolox standard (Figure 1 ) and the protein extract mixtures from the QF samples (an example of the 40˚C, 610 MPa samples is shown in Figure 2) . From these curves, the ORAC-FL values were calculated. The results for the 22˚C samples are shown in Figure 3 . The overall values fell mostly within the range of 10 -70 Trolox equivalents/g cheese (TE/g), with a median value of 20.7 TE/g. The lowest antioxidative activity was 10.2 TE/g (well below the median value), measured for the cheese processed at the highest pressure (600 MPa) for the longest time (20 min). The highest ORAC-FL value (67.6 TE/g) corresponds to the QF sample processed for 10 min at a pressure of 400 MPa. The 22˚C control cheese has a measured antioxidative activity value of 14.1 TE/g cheese that is significantly lower than that of the sample held at 400 MPa for 10 min (P < 0.05) and slightly higher than that of the sample held at 600 MPa for 20 min (P < 0.05), indicating that length of processing time and pressure used do impact the ORAC-FL value of these samples. The samples held at 200 and 400 MPa for MPa increasing significantly (P < 0.05) from 5 to 10 min to the highest measured ORAC-FL value and then decreasing significantly (P < 0.05) when the length of time is increased to 20 min at the same processing pressure. Similarly, the overall activity significantly decreases (P < 0.05) incrementally at longer processing times (5 to 10 to 20 min) when the pressure is increased to 600 MPa, most evidently in the 20 min sample having the lowest measured ORAC-FL value for these samples. The ORAC-FL values measured for the higher temperature samples at core temperature of 40˚C have a more distinguishable pattern (Figure 4) . The ORAC-FL value of the 40˚C control sample (51.1 TE/g) is significantly higher (P < 0.05) than that of the 22˚C control sample (more than 3-fold), indicating that higher core temperature leads to increased antioxidative activity. Accordingly, the median ORAC-FL value measured for the 40˚C cheeses is 49.1 TE/g, which is considerably higher than that of the 22˚C cheeses, with the lowest activity (14.0 TE/g) corresponding to the cheese held at 400 MPa for 5 min and the highest activity (89.8 TE/g) measured for the cheese held at 400 MPa for 20 min. The results for the 40˚C cheeses also show that at pressure of 400 MPa, increased time from 5 to 10 to 20 min leads to higher ORAC-FL values, indicating that length of processing time influences activity as well. The 200 MPa cheeses display a trend of activity decreasing from 5 to 10 min of HPP and then increasing at 20 min, while the 600 MPa cheeses decrease from 5 to 10 min of HPP and then remain the same after 20 min (slightly decreased with P > 0.05) of processing.
The antioxidative activities of proteins from bovine milk have been examined in previous work using various assays [26] [27] [28] . These studies have shown that small molecule radical scavengers such as ascorbate and urate along with other components like caseins and whey pro-teins are contributors to the overall antioxidative activity of milk. While this type of activity has been investigated in milk, these assays have not been extended to assess the antioxidants in other dairy products like cheese.
Previous studies have been conducted on the effects of high pressure on proteins in bovine milk and whey. Casein micelles are disrupted by high-pressure treatments, which may lead to more individual casein molecules in milk serum [29, 30] . Additionally, high-pressure treatment (>400 MPa) leads to denaturation of the two major whey protein components, α-LA and β-LG, as evidenced by a loss of solubility, and is more pronounced with increasing treatment time and temperature. This effect has been studied in liquid milk and these denatured proteins are known to associate in greater concentrations with insoluble casein micelles; however the manner in which the insolubility of denatured α-LA and β-LG manifests itself in cheese that is processed post-manufacture is unknown [31] .
Plasmin (PL), and cathepsin D are natural proteases that exist in bovine milk that are affected by HPP as well. These enzymes contribute to the breakdown of milk proteins that eventually leads to the production of bioactive peptides [32, 33] . Previous work has shown that at elevated pressures (200 -650 MPa) and temperatures, the activity of PL decreases in direct correlation with temperature and duration under pressure [34] . This study also found cathepsin D to be relatively resistant to highpressure treatment at room temperature, but showed a marked decrease in activity at higher temperatures. The effect of pressure on the denaturation of β-LG and its susceptibility to proteolysis has also been addressed [35] . It was shown that increased pressure (200 -400 MPa) led to higher extents of protein unfolding, which was subsequently more susceptible to proteolysis by the enzymes pepsin and chymotrypsin.
Prior research suggests that some antioxidative activity associated with dairy products can be attributed to bioactive peptides derived from milk proteins via proteolysis [11] . The QFs examined in this study were subjected to HPP post-packaging, meaning that there may have been proteases (from the milk itself or any contaminating bacteria, etc.) initially present in the cheesemilk that remained active throughout cheesemaking prior to HPP. Many of the differences observed between the lower and higher temperature cheeses may be attributable to proteolytic activity and the extent of overall protein degradation at the HPP temperatures. The 22˚C control sample has a measured ORAC-FL value one-third of that corresponding to the 40˚C control cheese. The proteins in the higher temperature cheese were likely more accessible to proteases due to the elevated temperature facilitating more extensive proteolysis. This reasoning can be applied to trends in the differences amongst the 200 MPa samples at higher and lower temperatures, e.g. the 22˚C sample held at 200 MPa for 5 min has a significantly lower (P < 0.05) ORAC-FL value than the corresponding 40˚C sample held at 200 MPa for 5 min, and so on.
The effects of HPP on the antioxidative activity are not as clear. For 200 and 400 MPa, 5-minute exposure significantly decreased (200 MPa sample, P < 0.05) or did not affect (400 MPa sample, P > 0.05) the ORAC-FL values of the 22˚C samples from 14.1 for the control cheese to 8.0 for 200 MPa, 5 min sample and 14.0 for the 400 MPa, 5 min sample. Pressure of 600 MPa for 5 minutes, however, significantly increased (P < 0.05) the ORAC-FL value of the 22˚C cheese to 46.4, indicating at some threshold pressure, the effect switches from diminishing to enhancing the antioxidative activity. This may be due to the fact that at high enough pressures (600 MPa), extensive protein unfolding and breakdown has resulted in the formation of antioxidative peptides. This is supported by the fact that longer pressurization times (10 and 20 min) at both 200 and 400 MPa for the lower temperature cheeses leads to an increase in ORAC-FL value relative to the control sample, indicating that at lower pressures, more time may be needed for protein conformational change and/or bioactive peptide formation to occur. The value for the 22˚C sample held at 200 MPa for 20 min was slightly higher (P > 0.05) than the sample held at 200 MPa for 10 min, indicating that this effect may be less pronounced after longer exposure times. This is also observed with the cheese held at 400 MPa for 20 min that was significantly less active (P < 0.05) than the one held at the same pressure for 10 min, indicating that prolonged exposure to 400 MPa pressure had deleterious effects. In these cases, it is possible that any positive degradation effects that are achieved by exposure to high pressure are canceled out by solubility problems within the cheese or inactivation of any proteases contributing to bioactive peptide formation. This effect is even more pronounced in the 600 MPa pressurized cheeses that show a substantial and significant drop off in activity with time.
Different trends are observed with the higher core temperature (40˚C) cheeses. At all three pressures, a significant decrease (P < 0.05) in ORAC-FL value relative to the control sample is observed after 5 min. The 200 MPa samples show a significant decrease (P < 0.05) from 5 to 10 min at 200 MPa pressure and then a significant increase (P < 0.05) to control sample levels of activity after 20 min processing time. The activity levels of the 600 MPa samples initially decrease after 5 min under pressure and slightly increases after 10 min (P < 0.05) but activity remains the same from 10 to 20 min under pressure. The 400 MPa samples show a significant increase (P < 0.05) in activity with longer durations under pres-sure, with the levels of the cheese processed for 20 min at 400 MPa one and a half times that of the control sample. These conditions may have been optimal for proteolytic activity that resulted in a far greater concentration of antioxidants. It may also be that antioxidative peptides have been generated that are appreciably more active, resulting in much higher ORAC-FL levels overall.
CONCLUSIONS
The results presented here show that the antioxidative activities of proteins from dairy products like QFs can be measured and that temperature and pressure are important processing parameters that affect these activities in QFs and potentially other dairy products. To fully understand the impact that these HPP variables have on overall antioxidative activity of milk products, an extensive identification and characterization of the active components in the protein extract mixtures must be carried out. Future experiments will focus on determining the actual active antioxidants in the mixtures studied here as well as in other cheeses. The antioxidant capacities of a number of common foods have been measured and reported previously [36] . While the ORAC-FL values of foods known to be potent antioxidants (e.g. 175.24 TE/g for pecans and 399.31 TE/g for turmeric) are generally higher than those measured for cheese proteins in this study, the highest ORAC-FL value measured here for the 40˚C cheese sample processed at 400 MPa for 20 min (89.8 TE/g) is comparable to some known active foods like cranberries (92.56 TE/g) and hazelnuts (92.75 TE/g). Therefore, achieving the maximum potential antioxidative activity in cheese through increasing the overall concentration and bioavailability of the active components in milk may lead to cheese and other dairy products with increased nutritional benefits. It is important to note that while the 40˚C cheeses in this study are generally more antioxidatively active than the lower temperature ones, rheological studies of these cheeses have shown the increased temperature impacts a number of functional qualities of the cheeses, e.g. increased wheying off, higher values for hardness, chewiness, cohesiveness, shear stress and shear strain (D. Van Hekken, unpublished work). Regardless, further work will determine if HPP is in fact promoting and/or inhibiting formation of these active components or if there are other governing factors influencing the bioactivity of these and other dairy products.
